Introduction
============

Diabetic macular edema (DME) being a major cause of visual impairment was managed in the past by focal laser photocoagulation and more recently by intravitreal injections of anti-vascular endothelial growth factor (VEGF) agents[@b1-opth-13-695] and less often by intravitreal dexamethasone implant or intravitreal corticosteroid injections. Despite an overwhelming evidence supporting anti-VEGF therapy for DME, concerns have existed about the absence of a universal long-term strategic plan with the need for repeated injections to maintain visual benefits, and the absence of knowledge of the long-term prognosis in subjects who are lost to follow-up or are discharged from the clinic.[@b2-opth-13-695] The cost of therapy[@b3-opth-13-695] and the continuous need for follow-up have encouraged investigators look for alternatives such as longer acting anti-VEGF agents,[@b4-opth-13-695] biosimilar drugs,[@b5-opth-13-695] and controlled release technologies.[@b6-opth-13-695] Because pan-retinal laser photocoagulation (PRP) has demonstrated long-term durability in the regression of proliferative diabetic retinopathy[@b7-opth-13-695] and some DME,[@b8-opth-13-695],[@b9-opth-13-695] we explored in a pilot study the effect of peripheral PRP (PPRP) on DME to answer the question of whether PPRP can decrease the number of anti-VEGF injections needed.

Materials and methods
=====================

The pilot prospective study received approval by the institutional review board of Rafik Hariri University Hospital and followed the tenets of the Declaration of Helsinki. The study was carried out from January 2015 to December 2018. Consecutive patients with naïve DME underwent spectral domain optical coherence tomography (OCT) and fluorescein angiography (FA) of the midperiphery and were offered to have continuous injections of anti-VEGF agents (treat and extend) if they were compliant, or PPRP with modified (flexible) pro re nata (PRN) injections if they felt unable to be followed frequently (bodily handicap; living abroad; long-distance travel; frequent hospitalizations; phobia of injections; and poor financial resources). The patient consent was both written and informed consent.

The injection of the drug ziv-aflibercept and regular OCT scans were made free of charge. In both groups, patients were treated at monthly intervals until maximal resolution of intraretinal edema by OCT. If, on follow-up recurrent intraretinal fluid was noted, monthly ziv-aflibercept treatment was resumed until stable OCT parameters were reached. The injection regimen (in the injection-only group) followed the protocol for DME which was 5 initial monthly injections then treat and extend by 2 weeks based on OCT. The injection regimen in the PPRP group was initial injection concomitant with the laser and then monthly recall for OCT or else whenever the patient can return at the earliest possible appointment (within 2 months period).

Ziv-aflibercept 0.05 mL (1.25 mg aflibercept) was prepared according to the standard compounding protocols and stored at 4°C for 4 weeks. The same operator performed the vision examination, OCT test, and intravitreal injection. Best-corrected visual acuity (BCVA) was assessed by using Early Treatment Diabetic Retinopathy Study R chart (Precision Vision, La Salle, IL, USA). Central macular thickness (CMT) or mean thickness in central 1,000 mm diameter area was calculated (and also FA) using spectral domain OCT 3D-2000 Topcon FA plus (Topcon, Tokyo, Japan).

Inclusion criteria
------------------

The inclusion criteria were as follows: naïve DME cases; follow-up on each visit by same OCT machine; initial intravenous FA (with capture of the midperiphery); minimum follow-up of 18 months; recording of BCVA; and CMT after a washout of 2 months after the last injection.

Exclusion criteria
------------------

The exclusion criteria were as follows: type 1 diabetes mellitus, uncontrolled diabetes mellitus, uncontrolled systemic hypertension, renal failure, previous laser therapy, previous intraocular therapies (intravitreal corticosteroid drugs or implants), previous vitrectomy, proliferative diabetic retinopathy, severe preproliferative diabetic retinopathy, macular degeneration, vitreomacular traction, iris neovascularization, glaucoma, miotic pupil, corneal scar, blepharitis, and infectious conjunctivitis. As most patients had cataract, the follow-up was stopped when cataract surgery was performed.

Technique of laser PRP
----------------------

After maximal pharmacological dilation of the pupil, argon green laser (Ellex^®^ Laserex Integre 532 green retinal slit lamp laser; Ellex, Adelaide, Australia) was applied using 165° wide angle lens (HR Wide Field^®^; Volk Optical Inc., Mentor, OH, USA) and with minimal settings (200 m spot size, 80 ms pulse duration, and 200--350 mW energy output) to achieve a mild grey-white burn 360° from the equator to the extreme midperiphery concentrating on areas of ischemia depicted by FA. Ischemia was graded as mild (less than 25% of capillary nonperfusion at midperiphery) or moderate (if less than 50% capillary nonperfusion at midperiphery).[@b10-opth-13-695]

Results
=======

All study patients were Caucasians. There were 2 men and 1 woman (on wheelchair) in the PPRP group (3 right eyes and 3 left eyes) vs 3 men and 1 woman (4 right eyes) in the injection only group ([Table 1](#t1-opth-13-695){ref-type="table"}). Mean age was 66.3 years in both groups. Mean duration of diabetes was 15.0 years in the PPRP group and 11.3 years in the injection only group.

Six eyes of 3 patients had PPRP versus 4 eyes of 4 patients had injections only. The number of anti-VEGF was markedly decreased when PPRP was administered from a mean number of injections of 16.5 (range 13--21; mean follow-up 24.3 months) in the injection only group to a mean number of 4.5 (range 0--8; mean follow-up 33.7 months) in the PPRP group. Mean number of OCT performed was 13.3 in the PPRP group and 20.8 in the injection only group. Mean number of laser spots was 1,364 (range 1,020--1,670). Mean initial CMT was 462.0 m in the injection only group vs 457.3 m in the PPRP group. Mean final CMT was 462.0 m in the injection only group vs 350.0 m in the PPRP group. Baseline and final mean logMAR (Snellen equivalent) BCVA were 0.84 (20/137) and 0.60 (20/80) in the injection only group and 0.70 (20/100) and 0.69 (20/98) in the PPRP group, respectively. Dense (grade 3) nuclear sclerotic cataract was present at the end of follow-up in all eyes in the PPRP group and in 2 eyes in the injection only group, with the remaining 2 eyes being pseudophakic. One eye developed transient mild anterior uveitis 2 days after the 13th ziv-aflibercept injection and was controlled with topical corticosteroids.

Discussion
==========

The current preliminary study points to the possibility of minimizing the number of intravitreal ziv-aflibercept injections in DME when PPRP is performed. It could be argued that the PPRP group received less intravitreal injections than the injection only group (mean injection number 4.5 vs 16.5) because of longer intervals between OCT examinations (mean number of OCT scans per patient being 13.3 vs 20.8) and shorter total mean follow-up time (20.8 months vs 33.7 months). However, OCT monitoring was comparable between the 2 groups: a mean of 6.6 OCT per year in the PPRP group vs 7.4 OCT for the injection only group.

The RISE and RIDE pivotal trials demonstrated sustained large visual improvements in eyes with DME when treated with ranibizumab.[@b11-opth-13-695] Although anti-VEGF therapy holds highest promise in the treatment of DME, the cost--benefit analysis and safety profile of monthly treatments likely indicate its role as the sole therapy in a majority of patients but there is a high rate of dropout.[@b12-opth-13-695],[@b13-opth-13-695] PRP is an effective long-term treatment for proliferative diabetic retinopathy with a relatively low side effect profile and significant cost efficacy in comparison to anti-VEGF therapy.

Although anti-VEGF therapy offers numerous advantages over PRP (better visual acuity), there are some limitations. Intravitreal injections are associated with a very low risk of endophthalmitis, retinal tear, cataract development, intraocular inflammation, worsening of vitreoretinal traction, and need for frequent follow-up and imaging. The financial burden of repeated intravitreal injections and imaging coupled with time off work, travel time or transportation costs, and partial visual recovery can pose a significant challenge to those with a history of poor compliance or with limited access to medical care. Potential side effects such as proteinuria, stroke, and myocardial infarction are life-threatening, and they limit our ability to use anti-VEGF in more systemically ill patients.[@b14-opth-13-695]

PRP was found to be more cost-effective than intravitreal anti-VEGF injections in PDR,[@b3-opth-13-695] and this can be extrapolated to DME therapy as in the current combined PPRP group.[@b3-opth-13-695] PRP is often accompanied by a temporary drop in vision. Thirty-four percentage of the 76 eyes with PDR and a normal macula showed morphological changes following PRP at 3 months.[@b15-opth-13-695] Intravitreal anti-VEGF before or concomitant with PRP can prevent post-laser exacerbation of DME. Suñer et al[@b16-opth-13-695] completed a pilot prospective randomized study on DME to assess the efficacy and durability of a single intravitreal ranibizumab with peripheral scatter laser to peripheral nonperfusion on ultrawide-field FA (n=15) vs intravitreal triamcinolone acetonide plus macular laser (n=15). At 6 months, the peripheral laser group had fewer recurrences of DME than the focal laser group warranting retreatment (33% vs 80%, *p*\<0.003) without significant difference in the mean change in visual acuity and central foveal thickness. In a study by Brown et al[@b17-opth-13-695], 40 eyes of 29 patients with DME were randomized in 1:1 ratio to 0.3 mg ranibizumab or combination with targeted laser to ischemic retina guided by widefield FA. All eyes received 4 monthly ranibizumab injections followed by monthly examinations and PRN treatment for 36 months. There was no evidence that combination therapy with ranibizumab and targeted peripheral laser improved visual outcome or reduced treatment burden (mean number of injections of 24.4 in monotherapy vs 27.1 in ranibizumab and peripheral laser) compared with ranibizumab alone. Similar to these findings in DME, Spaide[@b18-opth-13-695] and Campochiaro et al[@b19-opth-13-695] did not find scatter laser to benefit macular edema in retinal vein occlusion on anti-VEGF therapy.

It is still unknown what happens when patients with DME on anti-VEGF therapy are lost to follow-up. Recent report[@b2-opth-13-695] raised the concerns about recurrence or rebound macular edema and progression to more advanced stages of diabetic retinopathy such as neovascular glaucoma and tractional retinal detachment from proliferative diabetic retinopathy. Eyes that received PPRP are protected against neovascular glaucoma and tractional retinal detachment, unlike eyes on intravitreal injections if they are lost to follow-up. Likewise, Obeid et al[@b12-opth-13-695] found that eyes with PDR that received only intravitreal anti-VEGF had worse anatomic and functional outcomes after being lost to follow-up than with eyes that received PRP. Similarly, we postulate that eyes that receive PPRP would end up with better outcomes when lost to followup than eyes on injections only.

The concept of combining single peripheral scatter laser (PPRP) to target the ischemic periphery and concomitantly inject anti-VEGF agents initially and PRN is to block preexisting and subsequent VEGF. The mechanisms of action of PRP in DME include induction of posterior vitreous detachment ([Table 2](#t2-opth-13-695){ref-type="table"}) and ablation of ischemic peripheral retina where the reservoir of VEGF resides.[@b20-opth-13-695] If macular leakage is due to VEGF emanating from areas of peripheral retinal ischemia, then targeted laser to these sites should decrease DME and may diminish the number of VEGF inhibitor injections needed to control the disease ([Table 2](#t2-opth-13-695){ref-type="table"}). Several studies detected midperipheral ischemia in eyes with DME.[@b21-opth-13-695],[@b22-opth-13-695] Besides PPRP stops or halts progression from non-PDR to PDR and onset of neovascular glaucoma or rubeosis iridis. There is no doubt that intensive anti-VEGF protocols yield the best anatomic and visual outcomes; however, in noncompliant subjects, combining PPRP and injection may supposedly yield superior results than injection alone in the setting of poor compliance. Ideally to answer this proposition, there is a need to compare a noncompliant group receiving injections only to the current combination group. The main message is that skipping treatment in eyes with prior PPRP is not risky if we adapt the injection protocol to the special needs and circumstances of the particular patient. The modified PRN protocol here is to call the patient monthly and if not possible, let the patient be followed on his own pace with monthly reminder.

The monthly cost of the PPRP group was 3 times less than the injection only group assuming similar visual outcomes. This PPRP approach apparently is more cost-effective and patient-friendly than the more rigid and strict protocols relating to injections of anti-VEGF in DME.

The current pilot study has many limitations: absence of wide-field fluorescein imaging, small number of subjects, non-randomized groups, nonmatching of clinical variables, short follow-up, and examiner bias. Moreover, the final visual acuity was less than expected in both groups because of worsening nuclear sclerosis during follow-up in both groups.

Conclusion
==========

Although anti-VEGF monotherapy carries the best visual performance in the established protocols of DME, the cost-- benefit analysis and safety profile of monthly treatments likely indicate its role as an adjunct rather than the sole therapy. One session of PPRP with modified PRN injections is a potential effective long-term treatment for DME with a relatively low side effect profile and significant cost efficacy in comparison to anti-VEGF therapy alone. It is best suitable in noncompliant subjects with financial hardship and multiple health issues where discontinuation of injections may lead to irreversible visual loss. Further studies are needed to answer the question of how the standard anti-VEGF group does after being lost to follow-up versus the patients who had PPRP with less frequent intravitreal injections during therapy for DME.
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###### 

Clinical characteristics of the 2 groups of eyes having diabetic macular edema

  Groups        Case     Age   Race   Gender   Duration of diabetes (years)   Lipidemia   Systemic hypertension   Site    Initial vision   Initial central macular thickness   Final vision   Final central macular thickness   Number of intravitreal injections   Follow-up (month) after laser or first injection   Retinal ischemia   Number of laser shots   Dense cataract at final examination   Number of OCT   Total estimated costs (USD)   Average monthly costs (USD)
  ------------- -------- ----- ------ -------- ------------------------------ ----------- ----------------------- ------- ---------------- ----------------------------------- -------------- --------------------------------- ----------------------------------- -------------------------------------------------- ------------------ ----------------------- ------------------------------------- --------------- ----------------------------- -----------------------------
  PPRP+inject   Case 1   70    C      M        15                             No          Yes                     Left    20/40            559                                 20/33          255                               8                                   31                                                 No                 1,670                   Yes                                   17              3,500                         113
  PPRP+inject   Case 1   70    C      M        15                             No          Yes                     Right   20/200           596                                 20/40          201                               5                                   42                                                 No                 1,020                   Yes                                   17              2,900                         69
  PPRP+inject   Case 2   61    C      M        18                             Yes         Yes                     Left    20/200           564                                 20/200         402                               5                                   45                                                 No                 1,594                   Yes                                   13              2,500                         56
  PPRP+inject   Case 2   61    C      M        18                             Yes         Yes                     Right   20/200           559                                 20/133         532                               6                                   42                                                 No                 1,500                   Yes                                   13              2,800                         67
  PPRP+inject   Case 3   68    C      F        12                             Yes         No                      Right   20/70            202                                 20/200         510                               3                                   22                                                 Moderate           1,200                   Yes                                   10              1,600                         73
  PPRP+inject   Case 3   68    C      F        12                             Yes         No                      Left    20/70            264                                 20/100         200                               0                                   20                                                 Moderate           1,200                   Yes                                   10              1,200                         60
  Inject only   Case 4   63    C      M        7                              No          No                      Right   20/200           580                                 20/50          274                               21                                  28                                                 Moderate           None                    Yes                                   26              6,800                         227
  Inject only   Case 5   63    C      M        8                              No          No                      Right   20/125           496                                 20/100         569                               13                                  23                                                 Mild               None                    Yes                                   17              4,300                         187
  Inject only   Case 6   71    C      F        15                             No          Yes                     Right   20/200           450                                 20/100         447                               18                                  27                                                 Mild               None                    Pseudophakos                          21              5,700                         211
  Inject only   Case 7   68    C      M        15                             No          Yes                     Right   20/70            322                                 20/80          240                               14                                  19                                                 No                 None                    Pseudophakos                          19              4,700                         247

**Abbreviations:** C, Caucasian; OCT, optical coherence tomography; PPRP, peripheral pan-retinal photocoagulation.

###### 

Benefits and side effects of peripheral pan-retinal photo-coagulation in diabetic macular edema

  Advantages
  ------------------------------------------------------------------------
  Decrease VEGF secretion
  Decrease rubeosis iridis and neovascular glaucoma
  Blunt progression into proliferative diabetic retinopathy
  Decrease number of intravitreal anti-VEGF
  Induce PVD formation
  Cost-effective
  Suited for noncompliant subjects, very sick, and difficult to ambulate
  Ideal for patients with recent stroke or heart attack
  More durable effect
  **Disadvantages**
  Acute worsening of DME unless preceded by anti-VEGF injection
  Epiretinal membrane formation

**Abbreviations:** DME, diabetic macular edema; PVD, posterior vitreous detachment.
